Background: Kyasanur forest disease (KFD), a tick-borne viral disease with hemorrhagic manifestations, is localised in five districts of Karnataka state, India. Annual rounds of vaccination using formalin inactivated tissue-culture vaccine have been conducted in the region since 1990. Two doses of vaccine are administered to individuals aged 7-65 years at an interval of one month followed by periodic boosters after 6-9 months. In spite of high effectiveness of the vaccine reported in earlier studies, KFD cases among vaccinated individuals have been recently reported. We analysed KFD vaccination and case surveillance data from 2005 to 2010.
Introduction
Kyasanur forest disease (KFD) is a tick-borne viral disease characterised by sudden onset of fever and/or headache followed by hemorrhagic manifestations such as conjunctival congestion, bleeding gums, epistaxis, haemoptysis, haematemesis and malena [1] [2] [3] . The disease which was reported for the first time from Shimoga district of Karnataka state, India in 1957, is localised in five districts (Shimoga, Chikamagalur, Uttar Kannada, Dakshina Kannada and Udupi) of the state and occurs as seasonal outbreaks during December to May when the nymphal activity of ticks in the forest is maximum.
Prior to the currently used formalin inactivated KFD virus (KFDV) vaccine produced in chick embryo fibroblasts, several vaccines were tested for the control of the disease. These included 5-10% suspension of formalin-inactivated Russian Spring Summer Encephalitis (RSSE) virus [4] [5] [6] , formalin inactivated vaccine from mice brain [7] as well as tissue culture source [8] [9] and a live attenuated vaccine through serial tissue culture passages [10] .
Field studies conducted in 1970-71 with the formolized KFDV demonstrated a serological response in 59% of the vaccinees after two doses [11] [12] .
Based on these findings, a vaccine production unit was established at Shimoga, Karnataka and the indigenously manufactured vaccine was licensed for use in the affected districts. Subsequently, the vaccine production was shifted to the Institute of Animal Husbandry and Veterinary Biologicals, Hebbal, Bangalore. Immunization with this vaccine has remained the key strategy for prevention of KFD in Karnataka since 1990. The focal immunization strategy involves annual rounds of vaccination using formalin inactivated tissue-culture vaccine. These campaigns are conducted during the months of August-November in the areas that reported KFD activity (defined as laboratory evidence of confirmed case/s in monkeys/humans or infected ticks) in the previous transmission seasons and surrounding villages within a radius of 5 Km [13] . Two doses of the vaccine are administered to individuals aged 7-65 years at an interval of one month. As the immunity conferred by the vaccination is short-lived, booster doses are recommended within 6-9 months after primary vaccination and repeated for five consecutive years after the last confirmed case in the area [13] . If cases of KFD are reported in the area in spite of vaccination during the pre-transmission season, additional vaccination campaigns are conducted. As part of the KFD vaccination programme, information about the number of individuals eligible for vaccination as well as coverage of vaccine is routinely compiled.
In the previous field evaluation of the vaccine during 1990-92 in Shimoga, Uttar Kannada and Chikamagalur districts, an effectiveness of 79.3% (95% CI: 64.7-87.9) with one dose and 93.5% (95% CI: 87.9-96.6) with two doses was reported [14] . However, despite routine vaccination, an increasing number of KFD cases have been reported during 1999-2005 suggesting sub-optimal efficacy of the current vaccine or vaccination protocol [15] . During the recent KFD outbreak in Shimoga in December 2011-March 2012, two doses of the vaccine given during April-May 2011 were found to confer no protection amongst the cases reported during Dec 2011-Mar 2012 [16] . With this background, we analysed the KFD vaccination and surveillance data from the five KFD endemic districts of Karnataka for the period 2005-2010 to estimate the coverage and the effectiveness of the KFD vaccine in the region.
Methods

KFD surveillance
As part of KFD surveillance in the region, health workers conduct door to door search for identifying suspected case-patients (defined as sudden onset of fever, headache and myalgia) in a radius of 5 km. surrounding the villages reporting recent monkey deaths or laboratory-confirmed KFD cases. Blood samples are collected from all the suspected case-patients and are tested for the nested polymerase chain reaction (RT-PCR) [17] and/or intracerebral inoculation of the sera into suckling mice. Information about number of doses of the KFD vaccine received is also collected from the case-patients. We reviewed the KFD vaccination and the surveillance data for the year 2005-2010 from the five KFD endemic districts.
Statistical methods
We calculated the annual and overall incidence of KFD during 2005-10 among the vaccinated population and compared the same with the incidence of the disease among unvaccinated individuals to calculate the relative risk (RR) associated with vaccination. Using Epi-6 software (CDC, Atlanta), we calculated the effectiveness of the vaccine (VE) and its 95% confidence intervals (CI).
Human subject protection
The study primarily involved analysis of the archived data of the KFD vaccination programme and surveillance conducted by Karnataka state health department. Permission from the district health authorities was obtained to access the data.
Results
During
About 52% of the eligible population did not receive any vaccine while 36% of the population received two doses and a booster dose ( Table 1 ). The remaining 12% of the population received one or two doses of the vaccine. A total of 168 laboratory confirmed KFD cases were reported during this five year period of which 134 (80%) were unvaccinated. Of the remaining 34 cases, nine each had received one and two doses respectively while 16 had received a booster in the pre-transmission season. The incidence of KFD among the individuals who had received one dose of the vaccine was similar to the incidence among those who were unvaccinated (8 per 10,000 in both groups; RR: 1.06, 95% CI: 0.54-2.1). Compared to unvaccinated individuals, the incidence was significantly lower among the individuals who received two doses ( 
Discussion
The findings of our analysis of surveillance and vaccination data indicated lower effectiveness of the vaccine as compared to the earlier report of effectiveness of 79% and 94% with one and two doses of the vaccine respectively [14] . In particular, the administration of one dose was found to be non-efficacious as the incidence of the disease among such individuals was comparable with unvaccinated individuals. Our findings of lower effectiveness of the vaccine corroborate well with earlier reports of lower efficacy by other investigators [15] . It is pertinent to note that the breakthrough cases of KFD occurred only during 2005 and 2006 and there were no cases among the vaccinated individuals in subsequent years. The breakthrough cases were reported from three of the five districts.
Several reasons have been postulated for the lower efficacy of the vaccine including the possibility of drifts and diversity in the recently currently circulating strains of the KFD virus in contrast to the strain used for vaccine preparation (isolated in 1950s) [15] . However, the genotyping studies conducted on 48 KFD viruses isolated over the past five decades showed a low level of diversity with a maximum of 1.2% nt and 0.5% aa differences seen among these viruses [17] . It is necessary to evaluate other reasons for
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lower efficacy of the vaccine including the issues related with cold chain maintenance.
The coverage of the vaccine in the region was low with nearly half of the target population being unvaccinated. About 45% of the population received two doses or two doses and a booster, which were found to be protective. Achieving high coverage with two doses and/or booster doses of vaccine appears to be the key for the control of KFD in the endemic districts.
Our study had certain limitations. First, we used the available surveillance and programmatic data to estimate the coverage and the effectiveness of the vaccine. The number of KFD cases reported in the surveillance system is likely to be affected by its notification efficiency. However as the awareness about the disease in the area is high and most of the cases seek treatment from public health facilities in the area, we believe that the surveillance data reflects the true situation of KFD in the area and the number of missed cases is likely to be negligible. Second, the vaccination coverage estimated using administrative method in our analysis is likely to be higher than the actual coverage estimated through surveys.
In conclusion, the coverage of KFD vaccine in the five KFD endemic districts of Karnataka was low. The effectiveness of the vaccine was also found to be lower as compared to the earlier studies especially among those who received single dose of the vaccine. Systematic efforts are needed to increase the coverage of the vaccine among the areas targeted for vaccination to more effectively control this well-localized spread of KFD virus in Karnataka. It is also necessary to understand the reasons of lower uptake of the vaccine. The vaccine associated side effects such as pain as well as the number of doses to be taken over a period of five years are some potential deterring factors. Epidemiological studies are also needed to assess the long-term protection offered by boosters. Future research needs to focus on further refinement of the vaccine candidate to eliminate these deficiencies to make the vaccine safer and more effective in order to avoid the need for periodic boosters.
